Introduction
One of the main disturbances in heart failure (HF) is characterized by autonomic imbalance in favor of the sympathetic nervous system such that both the sympathetic activation and parasympathetic withdrawal contribute to the impaired equilibrium. Current evidence has shown that sympathetic activation also results in parasympathetic withdrawal, demonstrating the so called "sympathovagal crosstalk" (1, 2) . Cotransmitters, which are located in the vesicles adjacent to norepinephrine and released in response to high-frequency stimuli, are responsible for such communication. They reduce cardiac vagal function by inhibiting acetylcholine release, further aggravating the imbalance. Neuropeptide Y (NPY) and galanin are the two main neuropeptides postulated to be responsible for sympathovagal crosstalk (3) .
NPY has an established role in diseases with sympathetic hyperactivity like hypertension, systolic HF, and acute myocardial infarction, wherein its levels also correlate with mortality (4, 5) .
However, the cardiovascular effects of the galanin peptide family, although discovered earlier, still need to be elucidated. Evidence from animal studies demonstrated that it reduces sympathetic vasomotor tone both centrally in the nucleus solitarius and peripherally through stellate ganglia (6, 7) . Furthermore, blockage of galanin receptors improved cardiac function and attenuated ventricular remodeling in a rat systolic HF model, making galanin receptors a novel target for treatment (8) .
Because most of the evidence pertaining to galanin is derived from animal studies on systolic HF, data on "sympathovagal crosstalk" in humans and that of the cardiovascular role of galanin in the failing human heart are limited. Therefore, we evaluated whether the plasma levels of galanin correlated with NPY levels, the activity of humoral system represented by pro-BNP and copeptin, and myocardial performance estimated by echocardiography in HF patients. To the best of our knowledge, this is the first study to document plasma concentrations of galanin in chronic systolic HF patients.
Methods
This was a prospective case-control study comprising 57 HF patients and 30 control subjects. The power of the study was 80%, with a reliability of 95%. The inclusion criteria were the presence of chronic stage C systolic HF [HF with ejection fraction (EF) of 45% or less] with a New York Heart Association (NYHA) class II or III functional capacity. "Chronicity" was defined as having symptoms of HF without revascularization or cardiac resynchronization therapy within the past 3 months. Patients younger than 18 years and patients with inflammatory disorders, congenital or valvular heart disease, active myocarditis, and primary diastolic HF such as those showing hypertrophic or restrictive cardiomyopathy and chronic kidney disease were excluded. Chronic kidney disease was defined as an estimated glomerular filtration rate (eGFR) of <60 mL/min. Patients without overt HF symptoms showing NYHA class I and those with acutely decompensated symptoms showing NYHA class IV who would require inotropic support were not included. The study was approved by the local Ethics Committee, and its protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki. Informed consent was obtained from each patient prior to enrollment.
Patient enrollment
Of 81 consecutive systolic HF patients who presented with symptoms of HF between March and August 2016, 57 with characteristics satisfying the inclusion criteria were enrolled in the study. The reason of exclusion was recent coronary revascularization in 5, recent resynchronization device therapy in 3, eGFR<60 mL/min in 9, and no prior coronary angiography to define the etiology in seven patients. The control group comprised volunteers who presented to the cardiology clinic for nonspecific cardiovascular symptoms and in whom detailed cardiovascular evaluation revealed normal systolic and diastolic ventricular functions. Presence of specific cardiac disorders such as coronary artery disease was avoided in the control population.
Age, sex, height, weight, current smoking status, family history of cardiovascular disease, presence of diabetes mellitus (DM), hypertension (HT), or hyperlipidemia (HL), and the medications used were recorded for all subjects at the first medical consultation. The electrocardiographic recordings for determination of rhythm as sinus or atrial fibrillation were obtained for study population. The etiology of HF as either ischemic or nonischemic cardiomyopathy was determined for each patient based on the medical history.
Body weight and height were measured using a digital scale. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ). Body surface area (BSA) was calculated using the DuBois formula (9) .
Echocardiographic measurements
All patients underwent detailed transthoracic echocardiography with General Electric Vivid 6S (GE Healthcare USA) ultrasound machine to determine left and right ventricular functions and left atrial dimensions at the time of presentation. The echocardiographic parameters used to represent myocardial performance and the severity of HF were left atrial volume index (LAVI), left ventricular mass index (LVMI), relative wall thickness (RWT), EF, ratio of mitral E velocity to averaged e′ velocities measured at both septal and lateral mitral annuli (E/e′), myocardial performance indices (Tei indices) for both ventricles, and tricuspid annular plane systolic excursion (TAPSE) of the right ventricle.
Left atrial volume was determined using the biplane arealength method and indexed to BSA (10) . Left ventricular mass and RWT were calculated using the left ventricular dimensions in the parasternal long axis view and indexed to BSA as described earlier (10) . EF was measured using the modified Simpsons biplane method in the apical 4-chamber and 2-chamber views (10) . E wave was measured based on the mitral inflow velocities obtained by pulse wave (PW) Doppler in the apical 4-chamber view. Lateral and septal mitral annular early diastolic (e′) velocities were also measured by PW Doppler in the apical 4-chamber view, and the average e′ was calculated and used in E/e′. Tei indices for both right and left ventricles were determined by PW Doppler as a measure of combined systolic and diastolic ventricular functions (11) . TAPSE was measured to determine the RV systolic function using M mode in the apical 4-chamber view.
Blood collection and analysis Serum concentrations of galanin, NPY, pro-BNP, and copeptin were determined for all subjects at the time of presentation. Galanin and NPY were used as the markers of sympathovagal crosstalk, whereas pro-BNP and copeptin were used as a measure of humoral activity (12) .
Following overnight fasting, 5 mL of blood sample was collected from a vein in the antecubital fossa without venous occlusion, and the sample was immediately centrifuged at 3000 rpm for 10 min in refrigerated centrifuge. Serum sample was then stored at -86°C until biochemical analysis. Serum galanin levels were measured by an Elabscience ELISA Kit based on competition principle and microtiter plate separation (Human GAL ELISA Kit Catalog no: E-EL-H1301, Elabscience Biotechnology Co., Ltd., WuHan, PCR). Inter-assay and intra-assay coefficients of variability were <10%. The minimum detectable dose of human galanin was 9.375 pg/mL. Serum NPY levels were measured by an ELISA Kit (Human NPY ELISA Kit Catalog no: E-EL_H1893, Elabscience Biotechnology Co., Ltd., WuHan, PCR). Similarly, the intra-assay and inter-assay variabilities of the ELISA Kit were <10%, and the minimum detectable dose of NPY was 18.75 pg/mL. Serum pro-BNP and copeptin levels were measured by an ELISA Kit (Human pro-BNP ELISA Kit Catalog no: E-EL-H0902 and Human CPP (Copeptin) ELISA Kit Catalog no: E-EL-H0851, Elabscience Biotechnology Co., Ltd., WuHan, PCR).The intra-assay and inter-assay variabilities of the ELISA Kit were <10%. The minimum detectable dose of human pro-BNP was 23.438 pg/mL, and the minimum detectable dose of human copeptin was 18.75 pg/mL.
Statistical methods
Statistical analyses were performed using IBM ® SPSS ® Statistics for Windows, Version 22 software (IBM Corp., Armonk, NY). Continuous variables are represented as mean±standard deviation (SD) and categorical variables are represented as percentages. The variables were tested for normal distribution using Kolmogorov-Smirnov test. The comparison of patients with control subjects was performed using independent samples t-test for normally distributed variables and Mann-Whitney U test for abnormally distributed variables. The categorical variables were compared using chi-square test. The Pearson and Spearman correlation coefficients were calculated to evaluate continuous and non-continuous relationships among biomarkers and other variables. With setting serum galanin levels as the dependent variable, multiple linear regression analysis was conducted, and the variables with a p value of <0.1 were included into the model by the enter method to determine the predictors of serum galanin levels. Receiver operating characteristic (ROC) BMI -body mass index; BSA -body surface area; EF -ejection fraction; LAVI -left atrial volume index; LV -left ventricle; LVMI -left ventricular mass index; NYHA -New York Heart Association; RWT -relative wall thickness; RV -right ventricle; TAPSE -tricuspid annular plane systolic excursion. P*: The variables are compared using Mann-Whitney U test; P**: The variables are compared using independent samples t-test curves were constructed for biochemical markers to describe their diagnostic properties. A p value of <0.05 was considered statistically significant.
Results
Anthropometric and clinical features Fifty-seven HF patients (HF group) and 30 control subjects were enrolled into the study. Among HF patients, 68.4% (n=39) had ischemic and 31.6% (n=18) had nonischemic cardiomyopathy. All control subjects and most HF patients (82.5%, n=47) were in sinus rhythm. The demographic and echocardiographic characteristics of the patients and control subjects are presented in Table 1 . Table 2 shows the comparison of biochemical parameters among patients with and without HF. As the objectified biomarker of HF, pro-BNP was higher in HF patients than in control subjects (2128.9±1104.5 vs. 212.6±96.4 pg/mL, p<0.001). NPY and copeptin levels were also higher in patients with HF (872.3±280.7 vs. 640.7±279 pg/mL, p<0.001 for NPY and 139.8±65.5 vs. 79.8±35.9 pg/mL, p<0.001 for copeptin), but there was no significant difference in the levels of galanin in patients with and without HF (32.5±19.06 vs. 31.9±18.4 pg/mL, p=0.9). Table 3 shows the correlations of plasma levels of biochemical markers and echocardiographic and demographic character- Figure 1 shows the correlation analysis of biomarkers in HF patients (green circles) and control subjects (blue circles) separately. ROC analysis demonstrated that of the four biomarkers evaluated in this study, pro-BNP and copeptin were the most powerful determinants of HF and that galanin had no clinical value (Fig. 2) .
Echocardiographic features

Biochemical parameters
Detailed analysis of plasma galanin concentrations and patient characteristics showed that although galanin concentration was similar in HF patients and control subjects, it was higher in currently smoking patients than in nonsmoking controls (51.2±10 vs. 31.9±20.4, p=0.033) or nonsmoking patients (51.2±10 vs. 31.1±18.9, p=0.017) ( Table 4 ). There was no statistically significant difference in galanin concentration in control subjects with or without beta blocker (BB) use, but it was higher in HF patients on BB therapy than in those not on the therapy (p=0.029) ( Table 4) . To examine the relationship between plasma galanin and specified potential predictors such as age, pro-BNP, copeptin, BMI, current smoking, and BB use, multiple linear regression analysis was conducted in which the model explained a significant amount of variance in galanin levels [R=0.733, R 2 =0.537, F (6,50)=9.653, p<0.001]. After controlling for variables such as current smoking, BB therapy, pro-BNP, copeptin, and BMI in the model, only pro-BNP was a significant predictor of galanin levels.
Subgroup analysis comparing NPY concentrations between patients and control subjects showed that NPY levels were significantly higher in HF patients (Table 4) . Analyses of NPY levels within HF patients revealed that NPY was higher in patients without HT (1074±187.9 pg/dL, p=0.004) and in those not on BB therapy (1048±245.1 pg/dL, p=0.027).
Discussion
The present study aimed to answer the question if the plasma levels of galanin correlated with NPY, the classical biomarkers of humoral activity such as pro-BNP and copeptin, or echocardiographic parameters of disease severity in HF patients. We clearly demonstrated that unlike pro-BNP, copeptin, and NPY, galanin was not elevated in chronic HF patients. Galanin was not correlated with echocardiographic parameters of HF severity either. Nevertheless, it was correlated with pro-BNP and copeptin such that after adjusting for other potential predictors, pro-BNP was the only significant determinant of galanin levels in systolic HF patients. Another notable finding in this study was the performance of NPY in determining the efficacy of BB therapy in inhibiting sympathetic activity. Figure 1 . Correlation analysis of biomarkers in HF patients (green circles) and control subjects (blue circles) separately
Neurohumoral activity in HF HF is a progressive disease mediated by the sustained activation of neurohumoral systems. In our study, we evaluated the plasma levels of copeptin and pro-BNP as markers of humoral activation. Copeptin is a stress hormone, which is released with pre-provasopressin, a precursor of vasopressin, and represents the activity of arginine-vasopressin system (12) . The results of copeptin and pro-BNP, the two major biomarkers with established utility in clinical practice, were concordant with the literature and correlated well with HF severity. ROC analysis also demonstrated the efficacy of these biomarkers.
Sympathovagal crosstalk in HF "Sympathovagal crosstalk," mediated by cotransmitters such as NPY and galanin, explains long-lasting impairment in vagal tone after burst sympathetic stimulation (3). This phenomenon is shown to retain its effect even in the presence of beta adrenergic blockade (3). For HF patients in whom sympathetic hyperactivity is part of the vicious cycle, inhibition of sympathovagal crosstalk represents a putative therapeutic target and is addressed in recent animal studies.
In our study, NPY levels were increased in HF and correlated with pro-BNP, the echocardiographic markers of HF such as EF, Tei index of RV, TAPSE, and E/e′. Our findings not only confirm the previously reported association of NPY with HF but also demonstrate the relationship of NPY with echocardiographic parameters of disease severity (13, 14) . HF patients who did not receive BB therapy had higher levels of NPY when compared with control subjects or HF patients who received BB therapy, but there was no significant difference between patients and control subjects who received BB therapy. In other words, BB therapy decreased sympathetic activity expressed by NPY levels in HF patients to the levels observed in control subjects who received BB therapy. In contrast to the literature on increased NPY levels in HT, NPY levels in hypertensive HF patients were significantly lower in our study population (15) . This seems to reflect the effect of BB because 82.5% of HF patients were already on BB therapy. Therefore, our findings suggest that NPY concentration is a good index of sympathetic activity, and its subsequent decrease reflects the efficacy of BB therapy.
Galanin, a 30 amino-acid peptide, which was discovered prior to NPY, also has deleterious cardiovascular actions resembling those of NPY. Nevertheless, it has a wide range of physiological nonneural actions such as regulation of food intake, energy metabolism, osmotic homeostasis, and inflammation (7) . Plasma galanin is demonstrated to increase in patients with type 2 DM, obesity, gestational diabetes, wherein it was shown to reduce insulin resistance (2, 16) . Its involvement in both physiological and pathological processes and a variety of its actions are related to its different G protein-coupled receptor subtypes. This challenges the precise definition of its role in cardiovascular disease processes (2) .
Our study is the first to evaluate galanin levels in systolic HF patients. In contrast to the animal studies suggesting a close relationship, we failed to demonstrate increased galanin levels in chronic HF patients. Unlike NPY levels, galanin levels were similar in patients and control subjects for all patient subgroups. Although deviations in galanin levels were not concordant with those in NPY levels, this was consistent with the literature. Previous research has proved that administration of galanin in humans decreased vagal tonus, but when galanin levels were studied in response to sympathetic stressors, plasma galanin was not shown to increase (17, 18) . This suggests that galanin is not the "the pivot" of autonomic control in a failing human heart. In addition, the serum concentrations of NPY and galanin in the control group were comparable to the control levels in previous studies.
When interpreting the peripheral galanin concentrations, it is also worth noting that galanin is a slowly diffusing peptide, with a very short (5 min) half-life and rapid metabolism and is released in lower concentrations when compared with NPY (2, 19) . Thus, its serum levels may not represent the local concentrations in central or cardiac vagal neurons. Our findings together with the previously published data translate that galanin has paracrine modulatory functions on peripheral cardiac sympathetic nerves and failure to demonstrate an elevation in circulating galanin does not eliminate its involvement in sympathovagal crosstalk.
A question raised by this study is why was galanin not elevated in HF patients but was still correlated with pro-BNP and copeptin. The answer lies in the fact that besides being a marker of HF severity, pro-BNP has documented direct proadrenergic features (20) . Chan et al. (21) have previously reported that BNP promotes noradrenaline release from cardiac sympathetic nerves. This explains the reason why pro-BNP is positively correlated with both NPY and galanin. The association of pro-BNP with galanin and NPY represents an example of direct interaction, irrespective of HF severity.
The correlation between galanin and copeptin can be explained by galanin's involvement in the central maintenance of energy and osmotic homeostasis (22, 23) . Meister et al. (22) have shown that galanin is coexpressed with vasopressin in the central nervous system and that they increase in parallel in cases of increased plasma osmolality.
There are many studies addressing the restoration of autonomic imbalance in HF with either medical or device therapies. Although animal studies of drugs targeting NPY and galanin receptors are promising, clinical translation of experimental data is challenging. Vagal nerve stimulation and carotid baroreflex activation therapies are examples of device therapies with disappointing results (24, 25) . The failure of recent clinical trials proved that the autonomic nervous system is not an easy target.
Study limitations
Our study population was relatively small, mainly comprising individuals on chronic BB therapy and showing NYHA class II functional capacity; thus, sympathetic activity may be inadequate to reveal the difference in serum galanin.
Conclusion
In our study, increased NPY levels in HF patients and its subsequent decrease with BB therapy proved the role of NPY in sympathovagal crosstalk. Although we could not provide evidence of increased serum galanin in HF patients, its association with pro-BNP was shown, suggesting an involvement with the proadrenergic state. It can be concluded that dedicated research is needed to define the role of galanin pertaining to the autonomic balance in a failing human heart. 
